An active-site lysine in avian liver phosphoenolpyruvate carboxykinase.
The participation of lysine in the catalysis by avian liver phosphoenolpyruvate carboxykinase was studied by chemical modification and by a characterization of the modified enzyme. The rate of inactivation by 2,4-pentanedione is pseudo-first-order and linearly dependent on reagent concentration with a second-order rate constant of 0.36 +/- 0.025 M-1 min-1. Inactivation by pyridoxal 5'-phosphate of the reversible reaction catalyzed by phosphoenolpyruvate carboxykinase follows bimolecular kinetics with a second-order rate constant of 7700 +/- 860 M-1 min-1. A second-order rate constant of inactivation for the irreversible reaction catalyzed by the enzyme is 1434 +/- 110 M-1 min-1. Treatment of the enzyme with pyridoxal 5'-phosphate gives incorporation of 1 mol of pyridoxal 5'-phosphate per mole of enzyme or one lysine residue modified concomitant with 100% loss in activity. A stoichiometry of 1:1 is observed when either the reversible or the irreversible reactions catalyzed by the enzyme are monitored. A study of kobs vs pH suggests this active-site lysine has a pKa of 8.1 and a pH-independent rate constant of inactivation of 47,700 M-1 min-1. The phosphate-containing substrates IDP, ITP, and phosphoenolpyruvate offer almost complete protection against inactivation by pyridoxal 5'-phosphate. Modified, inactive enzyme exhibits little change in Mn2+ binding as shown by EPR. Proton relaxation rate measurements suggest that pyridoxal 5'-phosphate modification alters binding of the phosphate-containing substrates. 31P NMR relaxation rate measurements show altered binding of the substrates in the ternary enzyme.Mn2+.substrate complex. Circular dichroism studies show little change in secondary structure of pyridoxal 5'-phosphate modified phosphoenolpyruvate carboxykinase. These results indicate that avian liver phosphoenolpyruvate carboxykinase has one reactive lysine at the active site and it is involved in the binding and activation of the phosphate-containing substrates.